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Het is an unsubstituted or R6-and/ar R7-sustituted 
pyrrolyl, fuianyl, ihiophenyl, pyrazolyl, imidazolyl, 
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, thiadi- 
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the group consisting of O(oxygen), S(sulphur) or 
N(nitrogen)-which is bonded to the phenantfaridinyl 
radical via one of the rings comprising one or more 
heteroatoms, ainactive PDE4 inhibitors. 
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Novel &-heteroarylphenanthrfdlne8 
Field of application of the invention 

The invention relates to novel 6-heteroarylphenanthridines, which are used In the pharmaceutical in- 
dustry for the production of medicaments. * 

Known technical background 

Chem^Ber. 1939, 72. 675-677. J. Chem. Soc., 1956, 428(M283 and J. Chem. Soc.(C), 1971, 1805 
describe the synthesis of 6-phenylphenanthridlnes- The International Applirations WO 97/28131, 
WO 97/35854, WO 99/051 11 and WO 99/05113 describe 6-phenyl- and 6-pyrldyiphenanthridlnes as 
PDE4 Inhibitors. 

Description of the Invention 

It has now been found that the novel phenanthddines substituted In position 6 by a bi- or tricyclic het- 
eroaryl radical and described In greater detail below have surprising and partlculariy advantageous 
properties. 

The Invention thus relates to confounds of the formula I, 




Het 

in which 

R1 Is hydroxyl, 1-4G-ali^oxy, 3-7C-cydoallcoxy, 3-7C-(^doal]cy)methoxy or complotety or predomi- 
nantly fluorine-substituted 1 -40alkoxy, 

R2 Is hydroxyl, 1-4C-aikoxy. 3-7C-cycloa!koxy, 3-7C-cycloalkylmethoxy or completely or predoml- 
nantiy fluorinensubstituted 1-4C-alko)(y. 

or In which 

R1 and R2 together are a 1-2C-aikylenedioxy group, 
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R3 !s hydrogen or 1-4C-a]ky]» 
R31 is hydrogen or 1 -4C-a1kyl, 
or in which 

R3 and R31 together are a 1-4C-alkylene group, 
R4 is hydrogen or 1-4C-allvl, 
R5 is hydrogen, 
R51 is hydrogen., 
or in which 

'R5 and R51 together represent an additional bond, 

Het Is an unsubstituted or R6- and/or R7-substltuted pynnolyl, luranyi, thiophenyi, pyrazolyi. iml- 
dazolyl, oxazoiyi, Isoxazdyl, thlazolyl, teothtezolyl. thiadlazolyl, pyrimidinyl, pyrazinyl or pyrld- 
azlnyt radical, or an unsubstituted or R.6- and/or RT-substltuted fused bi- or tricyclic ring system 
comprising at least one aronnatlc ring and up to 4 heteroatoms - seiected from the group con- 
sisting of O (oxygen), S (sulphur) or N (nitrogen) - which Is bonded to the phenanthridinyl radi- 
cal via one of the rings comprising one or more heteroatoms, v^ere 

R6 is hydroxy!, halogen, nftro, cyano, amino, aminocarbonyl, mono- or dl-1-4C-alky1amino, mono- 
or di-1-4C-ail^aminocffll)onyi, I^C-aliqrt, trifiuromefliyl, 1-4C-^koxy, 1-4C-alko^cai1}onyt. 
1-4C-alkylcari3onyioxy, 1-4C-alkylcarbonyl, 1-4C-an«Jxycari3onylamino, phenyi or oon^letely or 
predominantly fluorine-substituted 1-4C-aiko^, and 

R7 Is hydroxyl, halogen, nlfro, I^C-alkyl or 1-4C-alkoxy, 

and the salts, the N-oxides and ttie salts of the N-oxides of ttiese compounds. 

1-4C-Alkyl represents a straight-charn or branched alky I radicai having 1 to 4 cart:>on atoms. Example 
which may be mentioned are the butyl, isobutyl, sec-butyl, tert-butyl, propyl, isopropyi and preferably 
the ethyl and methyl radicals* 

1-40Aikoxy represents radicals which, in addition to the oxygen atom, contain a straight-chain or 
branched alkyi radical having 1 to 4 carbon atoms. Examples which may be mentioned are the butoxy, 
Isobuto)^, seo-butoxy, lert-butoxy, propoxy, Isbpropoxy and preferably the ettioxy and methoxy radi- 
cals. 

3-7C-Cycloalkoxy represents cydopropyloxy, (yck>butyIoxy, cyclopentyk>xy, cydohexyloxy and cydo- 
hep^ogr. of whldi cydopropylo^gf, cydobutyloxy and cydopentyloxy are preferred. 

3-7C-CydoalIqrtmefho)y represents cyclopropylmethoxy, cyclobufyimethoxy, cydopentylmetho5qf» cy- 
dohexylmefhoxy and cydohep^methoxy, of *hldi cydc^ropylmethoxy, cydobutyimethoxy and cydo- 
pent^metho)^ are preferred . 
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As compMely or predominantly fluorine-subsatuted 1-4C-alkoxy, for example, the 2,2.3,3.3-penta- 
fluoropropojQ?, the perfluoroethoxy, the 1 ;2,2-trifluoroetho;Qr. in particular the 1,1.2.2-tetrafluorD^iOKy, 
the 2,2;2-trffluoroethoxy, the trfRuoronriethoxy and preferably the difluorometho)^ radicals may be men- 
tioned. 'Predominancy" in this connection means that rtmre than half of the hydragen atoms of the 
1 -4CNalkoxy radical are replaced by fluorine atoms. 

1-2C-AlkylenedlO)cy represents, for example, the methylenedioxy [-O-CH2-C)-] and the ethylenedloxy 
[tOCH^-CHj-O-I radicals. 

If R3 and R31 together have the meaning 1-4C-aIkylene, the positions 1 and 4 in compounds of the 
formula I are linked to one another by a 1r4C-alkyIene bridge. 1-4C-aIkylene representing straight-chain 
or branched alkj^ene radicals having 1 to 4 cartxm atoms. Examples vMdh may be nr^enttoned are the 
radicals methylene [-CHg-J. ethylene [-CHa-CHrlr trimethylene [-CHrCHrCHa-J, i;j-dlmethylelhylene 
[-CH(CH3)-CH(CH3)-] and Isopropylidene [-C(CH3)2-1. 

If R5 and R51 together are an additional bond, then the carbon atoms In positions 2 and 3 In com- 
pounds of the formula I are linked to one another via a double bond. 

Halogen within the meaning of tt)e invention is bromine, chlorine or fluorine. 

In addffion to the nitrogen atom, mono- or dl-1^C^lkyiamino radicals contain one or two of the above- 
mentioned 1-4C-alkyl radicals. Dh1-4C-alkylamino Is preferred and here, In particular, dimethyl-, di- 
ethyl- or dllsopropylamlno. 

In addltton to the carbonyl group, mono- or dj-1-4C-alkylamlnorarbonyl radicals contain one of the abo- 
vementtoned mono- or dl-1-4C-alkylamino radicals. Examples which may be mentioned are the 
N-methyl", the N.N-dlmethyl-, the N-ethyl-, the N-propyl-. the N,N-diethyl- and 
N-lsopropylaminocaribonyl radicals. 

1-4C-A]>q^oarbonyloxy represents a cart>onyloxy group to which one of tte abovementloned 1-4C-aIiQ^ 
radicals Is bonded. An example which may be mentioned Is ttie aceto;^ radical ICH3C(0>0-]. 

1-4-Alkylcarbonyt r^resents a radkial whldi. In addition to the carbonyl group, contains one of the 
1-4&alkyl radicals mentioned above. An example vMdx may be mentioned Is the acetyl radlcsd, 

1.4C-Alkoxycarbonyf represents a carbonyl group to whteh one of the abovementtoned 1-4C-alkoxy 
radicals Is bonded. Examples which may be mentioned are the methoxycarbonyl [CHgO-CCOH and the 
ethoxycarbonyl ICHgCHaO-CCO)-] radicals. 
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As a 1-4C-alkylcarbonylamino radical, for example, the proplonylamino radical ICaH7C{0)NH'l and ttie 
aoefylambio radical [CH3C(0)NH-] may be mentlcxied. 

Het represents an unsubstituted or R6- and/or R7- substituted pyrrolyl, furanyl, thtophenyl, pyrazolyl, 
imidazolyl, oxazoJyl, Isoxazolyl, thiazolyl, Isothlazolyl, thiadiazolyl. pyrimldlnyl, pyrazlnyl or pyridazinyl 
radical, or an unsubstituted or R6- and/or R7-substituted fused bl- or tricyclic ring system comprising at 
least one aromatic ring and up to 4 heteroatoms - selected from the group consisting of O (oxygen), S 
(sulphur) or N (nitrogen) - which is bonded to the phenanthridinyl radical via one of the rings comprising 
one or more heteroatoms. 

Exemplary unsubstituted heteroaryl radicals Het which may be mentioned are benzofuran-2*yl, bero^o- 
1uran-3-yl, 2,3-dlhydrobenzoRjran-2-y!. 2.3-dihydrabenzofuran-3-yl, benzothiophen-2-yI, benzothiophen- 

3- yl, 2,3-dihydrobenzothfophen-2-yI, 2,3-dlhydrobenzothiophen-3-yl, chroman-2-yl, chroman-3-yl, 
chroman-4-yl, Isochroman-l-yl, 1,4-benzodloxan-2-yl, 1,3-benzodloxol-2-yl. qufrioHn-2-yl, qulnolin-4-yI, 
qulnoHn-3-yl, lsoqulnolin-3-yl, lsoquinolin-1-yl, teoqulno«n-4-yl, 1,2,3,4-tetrahydroacrWln-9-yl, acridhvO- 
yl, tndolizln-2-yl, lndoHzin-3-yU hdolizln-S-y], indolb:ln-6-^, lndolj2]n-7-yl, lndoiizin-8-yl, phenanthrldin-6- 
yl, cinnoiln-3-yl, cInnoIln-4-yl, qulnazoIln-4-yl, quhoxalln-2'yl. phthalazin-1-yK 1.7-naphthyridln-3-yl, 
1,6-naphthyridin-3-yl, 1,6-naphthyridtn-4-yl, 1,6-naphthyridln^, 1 ,5Hiaphthyridln-2-yl, 1,5-naph- 
thyrldln-3-yl, 1,5.naphthyridIn-4-yK 1,5-naphthyridln-6-yl, 1,5-naphthyridlrv-7-^yl, 1 p&maphthyrtdin-B-^, 
lndol-3-yl, indol-2-yl, indazol-3-yl. ben2lmldazoi-2-yl, 2,3-dlhydro-1H-lndol-2-^, 2,3-drhydro-1H-lndol-3- 
yl, 2,3-dlhydro-imsolndoM-yI, 2,3-dihydro-1HHSolndol-3-yl, 1 ,2.3,4-tetrahydroqumolin-2-yl, 1^,3,4- 
tetrahydroquinolin-3-yl, 1 ,2,3,4-tetnahydroquinolin-4-yl, 1,2,3,4-tetrahydroisoquinolin-1-'yl, 1,2,3,4-tetra- 
hydrolsoquinolln-3-yl, 1,2,3.4-tetrahydrolsoqulnoIin-4-yl, p-carbolin-1-yl, p-carboIin-3-yl, p-cartDoHn-4-yl, 
furan-2-yl, furan-3-yl, thiophen-2-yl, thlophen-3-yl. 1 l-H3ynrol-2-y], 1H-pyrrol-3-y], pyrazol-3-yl, pyrazoW- 
yl, imidazol"2-y], imidazol-4-yl, !midazol-5-y1, o>^o[-2-yl. oxazoM-yIp oxazol-5-yl, ttilazol-2-yl, thiazoM- 
yl, thiazol-5<yl, isoxazol-3-y[, isoxazoM-yl, isoxazol-5-yl, lsothiazol-3-yl, isothiazot-4-yt, lsothiazpl-5-y!, 
(1^,33thladiazol-4-yI, [1 .2.3]thfadiazol-5-yl, pyrimldin-4-yl, pyrimidin-5-yI. pyrimldln-2-yl, pyridaz(n-4-y], 
pyridazin-3-yl and pyrazin-2*yl. 

Exemplary R6- and/or R7-subst]tuted heten^aryl radicals Het which may be mentioned are 1-methyl- 
1H-pynrol-2-yl. 6-methyl-3-pheny1lsoxazol-4-)^, 5-methylthiophen-2-yl, 5-fluoro-1 H-jndol-2-yl, 6- 
methoxy-1H-indoi-2-yl, 3-methyl-furanr2-yl, 3,5-dlme1hyWsaxazol-4"yl, 4-phenyK1 .2,33thladla20l-5-yI, 

4- methyl[1 ,2p3]thladlazol-6-yl, 1 ,5-dlmethyI-1 H-pyrazol-3-yl, 3-methyl-benzofiiran-2-yl, 
5H7ietho)ybenz0fiiran-2-yl, 7-metho)^benzofuran-2^l, 7-ethoxybenzofuran-2-yI, 5-dilorobenzofuran'2- 
yl, 5-nltrobenzofuran-2-yl, 4-chloro-6-nltroquinoIln-2-yl, 2-chloroqulnonn-4-yl, &-metho3qrquinoifn-4-yl, 
2-hydroxyqumolJn-4-yt, 8-nltrDquinoiln-4'yl, 2-cyclopropylquinolln-4-yl, 2-<:yc1ohexyl^niethylquinolln-4- 
yl, 1-chloroisoqulnolln-4-yl, 4-hydroxyquinonn-2-yl, 2,8-dlhydroxyquinolln-2-s^, 5-nltroqulnoIln-2-yK 
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4- meihoxyquholin-2-yl, 4-hydro>v-7-chloroqu!noIin-2-yl, 8-hydro)^qu1n(riin-2-yl, 
6,7-dIniethoxylsoqulnonn-3-yl, 3-hydroxypyrido[1 ,2-a]Indol-1{HrI, 1^methy«ndol-2-yl, 1-methyH H- 
benzo[d]imkiazol-2-yl, 1-me1hyUndoI-3-yl, 1-methyHH-lndaa>^3-yl, 1-acetyHmndazcrf-3-yl. 5-methyl- 
lnd<*-2-yl. 7-nttrolndol-2.yl. 7-methyllndol-2.yl. 4,8-dimethoxylndoJ-2-yl, 5,6-dlmethoxylndol-2-yl, 
6-methoxylndol-2-yl, frhydroxylndol-2-yl. S-methoxypyrimldin-2-yl, e-hydroxypyrimidln-4-yl. 2-chIoro- 
6Hmethylpyrimidin-4-yl, 2,64)ls(dimethylamino)pyrimidIn-4-yl, 2,B-dimethoxypyrlmid[i>4-yl. 

5- methylpyrazin-2-'yl. 2"methylpyrazin-6-yI, 5-hydroxypyraz]n-2-yl, 2-methyIamlnopyra2lri-6-yI, 
2-methoxypyrazin-6-yl and 5-chloropyrazin-2-yL 

Possible salts for compounds of the formula I - depending on substitution - are all add addition salts or 
all salts wfth bases- Particular mention may be made of the pharmacologically tolerable salts of the 
Inorganic and organic acids and bases customarily used In pharmacy. Those suitable are, on the one 
hand, water-soluble and water-insoluble add addition salts with adds such as, for example, hydrochlo- 
ric add, hydrobromlc add, phosphoric add, nitric add, sulfuric acid, acetic add» trifluoroacetic add, 
citric add, D-gluconte add, benzoic add. 2-(4-hydro^enzoyl)benzolc add, butyric acid, suHbsalicylic 
add, maleic add, lauric add, malic add, liiniaric add. succinic acid, oxalfc add. tartaric add, embonic 
add, stearic add, toluenesulfbnic add. methanesulfbnic add or 3-hydroxy-2-naphttKric acid, ft being 
possible to mploy the adds in salt preparation - depending on wtfiother a mono- or polybaslc add is 
concerned and depending on which salt Is desired - In an equlmolar quantitative ratio or one differing 
therefrom. 

On the other hand, salts with bases are also suitable. Examples of salts with bases which may be men- 
tioned are allcali metal (IHhlum. sodium, potassium) or caldum, aluminum, magnesium, titanium, am- 
monium, meglumine or guanidinium salts, u^ere here too the bases are employed in salt preparation- In 
an equlmolar quantitative ratio or one differing therefrom. 

Pharmacologically Intolerable salts which can initially be obtained, for example, as process products in 
Hie preparation of the compounds according to the invention on an industrial scale are converted into 
phanrnacologlcally tolerable salts by processes l^own to the person sidlled in the art. 

It is l<nown to the person skilled in the art tiiat the compounds according to tiie invention and their salts, 
when they are Isolated, for example, in crystalline form, can contain various amounts of solvents. The 
invention flierefore also comprises all sdvates and In particular all hydrates of the compounds of the 
formula I, and also all solvates and In particular all hydrates of the salts of the compounds of the for- 
mula I. 
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Compounds of the formula I to be emphasized are those in vAndh 

R1 is 1-2C-aIko^. 3-5G-<vcloalkoxy, 3-5C-c^cloall^mettioxy or completely or predominantiy fluo- 
rine-substituted 1-2C-alkoxy» 

R2 Is 1-2C-alkoxy. 3-50cydoa!koxy, 3-5C-c^cioa1>^methoxy or complet^ or predominantly fluo- 
rine-substituted 1-2C-alkoxy, 

R3 is hydrogen, 

R31 Is hydrogen, 

R4 Is hydrogen or 1-2C-alkyl, 

R5 Is hydrogen, 

R51 is hydrogen, 

or In whiich 

R5 and R51 together represent an additional bond, 

Het is an unsubstttuted or R6- and/or R7-substltuted radical selected from the group consisting of 
benzofuran-2-yl, benzofuran-3-yl, 2,3-dihydrobenzofuran-2-yl, 2.3-dlhydrobenzofuran-3-yl, 
bmzothiophen-2-yl, benzo^tophen-3-yl, 2,3Klihydrobenzothlophen-2-yl, 

2.3- d[hydrobenzothlophen-3-yl. chroman-2-yl, chroman-3-yl, chrioman-4-yl, jsochroman-1-yl, 

1.4- benzodioxan-2-^, 1.3-benzodk>xol-2-yl, qurnolin-2-yl, quinolin-4-yl, qulnoIh-3-yl, Isoquln- 
oIln-3-yl, isoqulnonn-1-yl, isoquinolin-4-yl. 1.2,3.4-tetrahydroacridln-9-yl, acridln-9-y!, indolizin- 
2-yl, indolizin-3-yl, tndoIbdn-5-yl, indollzin-6-yl, indoiIzin-7-yi, indolizjn-S-yl, phenanthridin-e-yl, 
clnnolln-3-yl, dnnolin-4-yt. quha2olln-4-yl, qulnoxailn-2-yl, phflialazin-l-yl, 1 ,7-naphthyrtdin-3- 
yl, 1,e-naphthyridln-3-yl. 1.6-naphthyridln-4-yl. 1,6-naphthyrtdln-5-yl, 1,5-naphthyridin-2-yi, 

1.5- naphttTyridnn-3-yl, 1,5-naphthyridln-4-yI, 1,5Hiaphthyridin-6-yl, 1,5-naphthyridin-7-yl, 
1.5-naphthyridin-8-yl. tndoh3-yl, bidot-2-yl. lndazol-3-yI. benzimWazol-2-yl, 2,3-dihydrD-1H- 
lndol-2-yl, 2,3-dihydro-1H-indol-3-yl, 2,3-dIhydro-1H-lsoindol-1-y!, 2,3-dihydro-1H-lsoindol-3-yI, 
1 ,2,3,4-tetrahydroquinolin-2-yl, 1 ,2,3,4^trfirfiydroqulnoiln-3-yI, 1 ;2,3,4-tetrahydroquinoiin-4-yl, 
1 ,2,3,4-tetrahydrolsoquinoiin-1-yi, 1 ,2,3,4-tetrahydrolsoqulnolin-3-yl, 1 ,2,3p4-tetrahydroi80-' 
quinolIn-4-yl. p-carbolln-1-yl, p-carbolin-S-yl, p-cart>olin-4-yl, furan-2-yl, furan-3-yI. thiophen-2- 
yi, thlophen-3-yl. 1H-pynxiI-2-yi, 1 H-pyn-ol-3-yK pyrazol-3-yl, pyrazol-4-yl, imidazoI-2-yl, imi- 
dazol-4-yU lmld^ol-5-yi, oxazol-2-yl, pxazot^-yl, oxazol-5-yl, thiazol-2-yi, thjazol-4-yl, thlazol- 
5-yl, Isoxazol-S-yl, isoxazol-4-yl, Isoxazol-S-yl, isothlazoi-3'yl, isothlazoM-yl, isothlazoI-S-yl, 
[1,2,3lthIadiazo[-4-yl, [1,2,3]thiadlazoi-5-yl, pyrimldln-4-yl, pyrimidln-5-yl, pyrlmldln-2-yl, pyrld- 
azin-4-yl, pyridazln-3-yl and pyrazin-2-yl, where 

R6 is hydroxy!, halogen, nitro, amino, amlnocarbonyl, 1-4C-alkyl, 1-40alkoxy, 

alkylcarbonytoxy, 1-4C-edkoxycarbonyI or completely or predominantly fluorine-substifajted 
1-2C-aikoxy, and 

R7 is hydro)yl, halogen, 1 -4C-alkyl or 1 ^4C-aiko)Qr, 

and the salts, the N-oxtdes and the salts of the N-oxides of these compounds. 
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Compounds of tiie formula I to be particulariy emphasized are those In which 

R1 is 1-2C-alkoxy, 

F2 is 1-2C-aIlcoxy, 

F^, R31 , R4, R5 and R51 are hydrogen, 

Het Is an unsubstJtuted or R6- and/or R7-substttuted radical selected from ttie group consistnig of 
benzofuran-2-yl, benzothiophen-2-yi, quInolh-2-yl, qufnolln-4-yl. lsoquinolln-1-yl, lndol-2-yl, fu- 
ran-2-yl. furan-3-yl, thlophen-2-yl, tiilophen-3-yl. 1 H-pyrrol-2-yl. pyrazol^yl, thlazol-2-yl, thl- 
azol-3-yl. jsoxazol-4-yl, lsoxazo[-5-y|, [1,2,3]thiadiazol-5-yland pyrazin-2-yl, where 

R6 is halogen, 1-4C-alkyi, 1-4C-alko:}^ or phenyl, and 

R7 is1-4C^alkyU 

and the salts, the N-oxides and the salts of the N-oxIdes of these compounds. 

Preferred compounds of the formula I are those In which 
R1 is methoxy, 
R2 Is methoxy, 

ra, R31. R4, R5 and R51 are hydrogen, enxi 

Het Is qulnolin-i-yl, qulnoIin-2.yl, 3-methyl-fiiran-2-yI, 3-methyl-benzofuran-2-yl, 7-mettioxy- 
benzoluran-2-yl, 5-methoxy-ben2ofuran-2-yl. thlophen-2-yl, 5^ethyl-thiophen-2-yl, thiophen-3- 
yl, 1H-lndol-2-yl, 6-fluoro-1hHndol-2-yi, 6Hnethoxy-1H-indol-2-^, 

and the saHs, the N-oxides and the salts of the N-oxides pf Qiese compounds. 

One embodiment (embodiment A) of the compounds of fomnula I are those compounds In which 

R1 is hydro)^, 1-4C-all«»Qr, 3-7C-cydoaiko)qf, 3-7C-cydoalkytmethoxy or completely or predomi- 
nantly fluorine-substituted 1-4C'^]lco)^, 

R2 is hydroxyl, 1-40alkoxy, 3-70cvcloaikQ)v, 3-7C-(vdoalkylmethoxy or oorrq^letely or predomi- 
nantly fluorbie-substituted 1 ^O^kaxy, 

or In which 

R1 «nd R2 together are a 1 -2C-a]kylenedloxy group, 
R3 is hydrogen or 1-4C^ky], 
R31 Is hydrogen or 1 -4C'-alkyl, 
or In which 

R3 and R31 together are a 1-^-alkylene group, 
R4 Is hydrogen or 1 -4C-alkyl, 
R5 is hydrogen^ 
RSI Is hydrogen, 
or In which 

R5 and R51 together represent an additionai bond, 
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Het i$ an unsubstRuted or R6- and/or R7-8ubstituted pyrimrdbiyl, pyradnyi or pyridazjnyl radical, or 
an unsubstRuted or R6- and/or R7-substituted fused bi- or trk^cMc ring system comprising at 
least one aromatic ring and up to 4 heteroatoms - selected from the group consisting of O 
(oxygen) or N (nitrogen) - which Is bonded to the phenanthridinyl radjcar via one of 0ie rings 
comprising one or more heteroatoms, where 

R6 is hydroxyl, halogen, nftro, cyano, amino, aminocarbonyl, mono- or dl-1-4C-alkylamlno, mono- 
or dh1-4C-alkylamlnocarbonyt, 1-4C-alkyl, trifluromethyl. 1-4C-alkoxy, 1-4C-alkoxycarbony[, 
1-4C-alkylcarbonyloxy, 1-4C-allcylcarbonyl, 1-4C-a!koxycarbonylamino or completely or pre- 
domrnantly fluorine-substituted 1'4C-aikoxy, and 

R7 Is hydroxyl, halogen, nitro, 1-4C-alkyl or 1-4C-alkoxy, 

and the salts, the N-oxides and the salts of the N-oxIdes of these compounds. 

Compounds of the fonmula I of embodiment A to be emphasized are those In which 

R1 Is 1-2C-aikoxy, 3-5C-cycloalkoxy, 3-5C-cyctoaliqrimethoxy or completely or predominantly fluo- 
rine^ubstltuted 1-2C-alkoxy, 

R2 is 1-2&-alkoxy. 3-5C-cycloaikoxy, S-SC-cycloall^lmettioxy or completely or predominantly fluo- 
rine-substituted 1-2C-a1koxy, 

R3 is hydrogen, 

R31 Is hydrogen, 

R4 is hydrogen or 1-2C-ali^, 

R5 is hydrogen, 

R51 Is hydrogen, 

or in whtoh 

R5 and R51 together represent an additional bond, 

Het is an unsubstituted or R6- and/or R7-subsfituted radical selected from the group consisting of 
ben2ofuran-2-yl, benzoftjtran^3-yl, 2,3-dihydrobenzofuran-2-yl, 2,3-dihydrobenzofurarH3*yl, 
chroman-2-yl, chroman-3-yl, chroman-4-yl, isochroman-1-yl, 1 ,4-ben2odloxan-2-yt, 1,3d!3enzo- 
! ' dioxol.2-yl, qujnolIn-2-yl, quinolin-4-yJ, quinoIln-3-yi, lsoquinolin-3-yl, isoqulnofIn-1-yl, fsoquln- 
olin-4-yl, 1,2,3,4-tetrahydroacridin-9-yl, acridin-9-yl, lndoIteln-2-yi, indoIizin-S-yl. lndollzin-5-yl, 
lndolizln-6-yl, lndollzln-7-yl, indolizfn-8-yl, phenanthrtdin-6-yl, clnnolin-S-yl. clnnolln-4-yl, 
qulnazolln-4-yl, quinoxalin-2-yI, phthaIazin-1-yi. 1 .7-naphthyridin-3-yl, 1 ,6-naphthyridbv3-yl. 
1,6-naphthyrldln-4-yl, 1,6-naphthyridin-5-yi, 1,5-naphthyridin-2-yJ, 1,5^iaphmyrldin-3-yl. 1,5- 
naphthyridln-4'yl, 1,5Hnaphfliyridin-6-yl, 1 ,5-naphthyridln-7-yl, 1,5-naphthyridin-8-yI, indol-3-yl, 
lndol-2-'yl, lnda2ol-3-yl, benzlmlda2ol-2-yl, 2,3^lhydro-1 H-hdo!-2-yI, 2,3-dIhydro-1H-]ndol-3-yl, 
2.3-dihydro-1 H-lsoindoU -yl, 2.3-dihydro-1 H-lsoindoI-3-^, 1 .2,3,4-tetrahydroqulnolin-2-yl, 
1,2,3,4-tetrahydroqulno!in-3^, 1,2,3,4-tetrahydroqulnoiIn-4-yl, 1,2A4-tetrahydroIsoquinolin-1- 
yl, 1 ,2,3,4-tetrahydroteoqulnolln-3-yl , 1 ,2,3.4-tetrahydro]soqu]noltn<4-yl, p-caritJoBn-l -yl. 
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p-carbolin-3-yl, p-carbolin-4-yl, p^mldlrh4-yl. pyrbnWin-S-yl, pyrirTudin-2-yl. pyridazln*4-yl, 

pyr1dazin-3*yl and pyrazin-2-yl, where 
R6 Is hydroxyl, halogen, nttro, amino, aminocarbonyl, i-40alkyl, 1-4C"alkoxy, 

alig^lcarbonyloxy, 1-4C-aikoxycarbonyl or completely or predomfnantly fluorfne^ubstituted 

1-2C-aIko)^, and 
R7 ts hydroxyl, halogen, 1-4C-aIkyl or 1-40alkoxy, 
and the salts, the N-oxides and the salts of the N-oxIdes of these compounds. 

The compounds of the fomiuJa I are chlral compounds having chiral centers in positions 4a and 10b 
and, depending on the meaning of the substttuents R3, R31, R4, R5 and RSI, further chlral centers In 
the positions 1 , 2, 3 and 4. 



Numbering: 




The invention therefore comprises all conceivat>le pure diastereomers and pure enantiomers and their 
mixtures in any mMng ratio, indud'mg the raoemates. The compounds of the fommila I are prefened In 
which the hydrogen atoms in positions 4a and 10b are ds to one another TTie pure ds enanfiomers are 
particularly preferred. 

in this connection, particularly preferred compounds of the formula I are those in which positions 4a 
and 10b have the same absoluie conflsuratton as the compound 
(-)-cls-1,2-dimethoxy-4~(2-am[no<^clohexyl)benzene employable as a starting compound and having 
the opflcal rotation [a]^ = -58.5' (c « 1, ethand). 

The enanflomers can be separated In a manner leiown per se (for example by preparation and separa- 
tion of appropriate diastereolsomeric compounds). Pref^iably, an enantiomer separation Is carried out 
at the stage of the starting oonripounds of the formula IV 
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R4 



R5 



R1 



R2 




R4 
R51 



R31 



(IV) 



for example by means of salt formation of the racemte compounds of the fonnula IV with optically acBve 
carboxyllc acids. Examples which may be mentioned In this connection are the enantiomeric forms of 
mandelic acid, tartaric acid, 0,0 -dtoenzoyltartaric add. camphoric add, quinic add, glutamic add. 
malic add, camphorsulfonic add, 3-bromocamphorsulfonic add, a-methoxyphenylacetic acid, 
aHTi^oxy-a-trifluoromethylphenylacetlc add and 2-phenytpropionic add. Alternatively, enantlomerh 
cally pure starting compounds of the fomnula iV can also be prepared via asymmetric syntheses. 

The preparation of flie compounds of ttie fomnula I In which R1, R2, R3, R31, R4, R5, R51 and Het 
have the meanhgs indicated above and their salts can be carried out, for example, by the process de- 
scribed below in greater detail. 

The process comprises cydocondensing compounds of the fomnula tl 



In which R1 , R2. R3, R31 , R4, F^, R51 and Het have the meanhgs Indicated above, and if desired then 
converting the compounds of the fbmiula I obtained into their salts, or by. if desired, then converting 
salts of the compounds of tiie liDrmula i obtained into the free compounds. 

Compounds of the formula I obtained can, If desired, be comrerted into further compounds of the for- 
mula i by derivatization. . 




R31 



R4 
R51 



(II) 
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For example, starting from compounds of the fonmu[a I In which 

a) R6 is an ester group, the corresponding amides can be pr^ared by reaction with suitably sub- 
stituted amines; 

b) R6 is a 1-4C-alkylcarbonyloxy group, the corresponding hydroxy compounds can be obtained 
by acidic or allcaline hydrolysis; 

c) R6 and/or R7 is a nitro group, the corresponding amino compounds, which for their part can be 
further derivattzed, are obtained by selective catalytic hydrogenation of the correspondvig 
amino compounds. 

The methods mentioned under a), b) and c) are expediently carried out analogously to the methods 
known to the person skilled in the art. 

in addition, the compounds of the Ibrmula 1 can t>e converted, If desired, into their N-oxIdes, for exam- 
ple wHh the akl of hydrogen peroxide in methanol or the aid of m-chloroperoxybenzolc ackJ bi dichk>- 
romethane. The person skilled in the art Is familiar on the t>asi8 of his/her expert knowiedge wWi reac- 
tion conditions whteh are spedficaOy necessary for carrying out the N-Qxidatk>n. 

The ^docondensatlon ts cammed out In a manner known per se to the person skilled in ttie art accord- 
big to Bisd^er-Napleratskl (e.g. as descrbed in J. Chem. Soc., 1956, 42804282) In the presence of a 
suitable condensbig agent, such as polyphosphoric acM, phosphorus pentachloride, phosphorus pen- 
toxide or preferably phosphorus oxychloride, In a suitable inert solvent, e.g. In a chknlnated hydrocar- 
bon such as chloroform, or in a cydlc hydrocarbon such as toluene or xylene, or another inert solvent 
such as acetonit-ile, or without further solvent using an excess of condensing agent, preferably at ele- 
vated temperature. In particular at the boiling temperature of the solvent or condensing agent used. 

Compounds of the formula il In which R1, R2, R3, R31, R4, R5, R51 and Hat have ttie meanings Indi- 
cated above are accessible by reaction of the compounds of the formula IV In which R1, R2, R3, R31, 
R4. R5 and R51 have the meanings indicated above with conripounds of the formula III 



Het 
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In which Het has tiie meanings indicted above and X Is a suitable leaving group, preferably a chlorine 
atom. For example, the acylatlon or benzoylation Is carried out as described In the following examr^es 
or as In J. Cham. Soa (C). 1971. 1805-1808. 

Altematively to the process described above, compounds of the formida II In which R1, Ri, R3, FU1, 
R4, R5, R51 and Het have the meanings Indicated above can also t>e prepared from the corresponding 
compounds of the formula IV In which R1, R2, R3, R31, R4, R5 and R51 have the meanings Indicated 
above and compounds of the formula III in which Het has the meanings indicated above and X is hy- 
droxy!, by reaction with amide bond linking reagents known to Vhe person, skilled in the art Exemplary 
amide bond linking reagents known to the person skilJed /n the art which may be mentioned are, for 
example, the carbodiimides (e.g. dicyciohexylcailDodlimlde), azodlcarboxylic acid derivatives (e.g. di- 
ethyl modicarboxylate), uronium salts [e.g. 0-(benzotrteizol-1-yl)-N,N,N',N-tetramethyturonium tetra- 
fluoroborate] and NpN'-carbonyidfimrdazoie. 

This alternative preparation process is particularly suitable for the preparation of compounds of the 
formula II in vi^ldi Is eubstihited by amino or hydroxy] substifajents or in which l-let represents a 
condensed bi- or tricydic ring system comprising at least one aromatic ring and one NH group. 

CorTq)Ounds of the formula III and compounds of the formula IV are either known or can be prepared in 
a known manner. 

The compounds of the formula IV can be prepared, for example, from compounds of the formula V, 




In whidi R1, R2, F^, R31, R4, R5 and R51 have the abovementloned meanings, by reduction of the 
nttro group. 

The reductton is canied out bi a manner known to the person skilled h the art, for example as de- 
scribed in J. Org. Chem. 27, 4426 or as described in the following examples. 

The reduction can be carried out, for example, by catalytic hydrogenation, e.g. In the presence of Ra- 
ney nickel, in a lower alcohol sudi as metharu)! or ethsuiol at room tempereture and under normal or 
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elevated pressure. If desbred, a catalytic amount of an add, such as^ for eixample. hydrocWoric acid, 
can be added to the solvent Prefsrably, however, the reduction is carried out using m^ls suc^ as dnc 
or iron with organic acids suc^ as acetic add or mineral adds such as hydrochloric add. 

The compounds of the formula IV in which R1, R2, R3. f?31 and R4 have the meanings Indicated above 
and R5 and R51 together represent an additional bond can be prepared from the corresponding com- 
pounds of the formula V by selective reducBon of the nitro group in a manner Icnown to the person 
sidlled In the art, for example in the presence of Raney nldcel In a low^ alcohol as solvent using hydra- 
zine hydrate as a hydrogen donor 

The compounds of the formula V, In which R1 , R2, R3, R31 and R4 have the meanings indicated above 
and R5 and R51 are hydrogen, are either known or can be prepared from corresponding compounds of 
the formula V In v^ich R5 and R51 together are an addttfonal bond. The reaction can be carried out in 
a manner known to the person slcilled in the art, preferat>iy by hydrogenation in the presence of a cata- 
lyst, such as, for example, palladium on active cariton, e.g. as described in J. Chem. Soc. (C), 1971, 
180&.1808. 

The compounds of the formula V, In which R5 and R51 together are an additional bond, are either 
known or can be obtained by the reaction of compounds of the formula VI, 



in which R1 and R2 have the meanings menttoned above, witti compounds of the fonmuia VII, 



\n vAikh R3, R31 and R4 have the meanings mentioned above. 

Compounds of the formula V In which R5 and R51 are together an additional bond and R3 and R31 are 
together a 1-40alkylene group can be obtained, for example, by reaction of cydic compounds of fte 
fonnuia Vil, in which R4 has the meanings Indicated above and R3 and R31 togeth^ are a 
1-4C-alkylene group [e.g. cydohexa-1 ,3-dlene, 2,3-dimethylcydohexa-1 ,3-dlene, cyclohepta-1,3<llene, 
2,3-dlmethyi<yclohepta-1 ,3-dlene or cydoocta-1,3-dlene], with compounds of the fornnula Vi in which 
R1 and R2 have the abovementioned meanings. 




R3-«H-C(R4)-C(R4)-CH-R31 (VII) 
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The cydoaddltlon is In ttiis case carried out in a manner knovm to the person skilled In the art according 
to Diels-Alder, e.g« as descrbed !n J. Amer. Chenn. Soc. 1957, 79, 6559 or in J. Org. Chem. 1952, 17, 
581 or as desc^bed in the following examples. 

Compounds of the formula V obtained In the cycloaddltlon. in which the phenyl ring and the nitro group 
are trans to one another, can be converted in a manner known to the person skilled In the art into the 
corresponding cis compounds, e.g. as descrbed In J. Amer. Chem. Soc. 1957. 79, 6559 or as de- 
scribed in the following examples . 

The compounds of the formulae VI and VII are either known or can be prepared In a known manner. 
The compounds of the formula VI can be prepared, for example, In a manner known to the person 
skilled In the art from corresponding compounds of the formula Vill as described, for example, in J. 
Chem. Soc. 1951, 2524 or In J. Org. Chem. 1944, 9, 170 or as described in the following examples. 

The compounds of the fbrmuia Vlil, 




CHO 

(VIII) 



in whk:h R1 and R2 have the meanings indicated above, are either known or can t>e prepared in a 
manner known to the person skilled in the art, as descrbed, for example, in Ber. I3tsdi. Chem. Ges. 
1925,^,203. 

It Is known to the person skilled In the art that In the Mse of a number of reactive centers on a starting 
or intenmediate compound It may be necessary to block one or more reactive centers temporarily by 
protective groups in order to allow a reaction to proceed spedflcally at the desired reaction center. A 
detailed description of the use of a large number of proven protective groups is found, for example, in 
T.W, Greene, Protective Groups in Organic Synthesis, John Wiley & Sons, 1991. 

The isolation and purification of the substances aooording to fiie invention is carried out In a manner 
known per se, e.g. by distilitng off the solvent In vacuo and recrystaliizlng the resulting resMue from a 
suitable solvent or subjecting it to one of Oie customary purfflcation methods, such as, for »»mpie, 
column chromatography on suitable support material. 

Salts are otrtained by dissolving the free compound in a suitable solvent (e.g. a ketone, suc^ as ace- 
tone, methyl ethyl ketone or methyl isobutyl ketone, an ether, such as dl^hyl ether, tetrahydrofuran or 
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dioxane, a chlortnated hydrocarbon, such as methylene chloride or chloroform, or a low molecular 
weight al^hafic alcohol such as ethanol or isopropanol) which contains the desired add or base, or to 
which ttie desired add or base Is then added. The salts are ot>tained by filtering, reprectpltating, pre- 
cipitating with a nonsolvent for the addition salt or by evaporating the solvent Salts obtained can be 
converted by all^lization or by acidlftcation into the free compounds, which in turn can be converted 
Into salts, in this way, pharmacologicaliy intolerable salts can be converted into pharmacologically tol- 
erable salts. 

The following examples serve to Illustrate the invention further without restricting It Ukewise, further 
compounds of the formula 1, whose preparation Is not explicitly described, can be prepared In an analo- 
gous manner or in a manner familiar per se to the person sidiled In the art using customary process 
techniques. 

In the examples, m.p stands for melting point, h for hour(s), RT for room temperature, EF for empirical 
ftxmula, MW tor molecular weight, cate. for calculated and fhd. for found. The compounds mentioned In 
the examples and their salts are a imfonred subject of the invention. 

MS-methpd: EI-MS; Electron Impad ionlsatlon MS. 



HPLC-Method: 



Column: 

Column-temperature: 
Solvent System: 



Superspher 60 RP-select B (Merck) 75 x 4 mm 
40"C 

A: Water (+ 0.5% Trtfluoroacetic acid) 

B: Acetonitrile {-^ 0.5% Trifluoroacetic add) 



Course of gradient: 









0.0 


80 


20 


1-0 


80 


20 


7.0 . 


25 


75 


10.0 


25 


75 


12.0 


80 


20 


14.0 


80 


20 



Flow: 
Detection: 



1 ml/mfn 
UV (254 nm) 
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Exampies 

Final products 

1- f-)-cls-8,9'CImethoxy^ulnolln"4>yU^,2,3,4.4a.10b4iexahvdroph9nanthrld 

A solution of 4.0 g of (-)-cIs-N-r2-(3,4-d[m6thoxypheny[)cydohe)^^^ (compound 
A1 ) in 30 ml of acetonitrile is added dropwise at RT in the course of 30 min to 10 g of phosphorus pen- 
tachloride In 20 nnl of acetonitrile. After stining at RT for 3 h, the mixture is diluted with ethyl acetate 
and hydrolyzed by addition of water. The organic phase is extracted with IN sodium hydroxide solution 
and water, dried using sodium sulfate and then concentrated under reduced pressure. The residue Is 
chromatographed on sBica gel using petroleum ether/ethyl acetate/trlethyiamlne In the ratio 5/4/1 . 

MS: calc: C24Ha4N202 (372.42); found: [M+1] 373.3 

Specffic rotation: [aY^ = -87,6'* (c = 0,2; DMF) 

2- cis^,9>Dim Bthoxy-6-(1-methyl-1/#4jyiTol>2-yl)-1.2.3.4.4aJ0b4iexahvd^^ 

To a solution of 44.83 mg furan-2-carboxylic acid In 2800 pi dichloromethane 94 mg (-)-cls-1^- 
dlmethoxy-4-(2-amlnocyclohexyI)benzene (compound B2) and 92 mg N-dlmethylaminoethyl-N'-ethyl- 
carbodlimlde are added and the resulting mixture is stirred for 16 h at RT, The reaction mixture is put 
on a cartidge loaded with 3 g silica and 3 g aluminium oxide neutral and eluted with ethyl acetata The 
filtrate is evaporated to dryness and dissoh^ed again in 16C» pi acetonitrile. To Ihb solution 100 mg 
phosphorus pentachioilde are added and the resuHbig mixture (s stirred for 16 h at RT, after which 900 
Ml of a sodium hydroxide soiuQon (10%) are added. After sflntig Ibr furthw 2 h at RT, the reaction mix- 
Uire is evaporated to dryness and the title compound Is purified by flash chromatography. 

MS: calc: C2oHa4N202 (324.43): found: [1^+1]: 325.4 

The follovflng examples are prepared analogously to compound 2: 

3. ciS'^,9-Dlmethoxv..6'fS"methyi^^phenyl-Isoxazo>4-vl)-1,2p3A4a.10b-hexahvdrD- 
phenanthrldine 



MS: calc: C25H2BN2O3 (402.50): found: [M+l]: 403.3 
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4. cis-g.9-Prineth«Mq^-6-(furan'2-vD-1A3.4.4a.10b-hexahydrophenanthridlne 

MS:calc:C,6H2, NOa(311.38):ft>und:[M+1]:312.3 HPLC [minj: 5.36 

5. cls-8^-Dimethoxy-6^1 W-pvitoK2^M ^.3 A4a.10b-hexahydrophenanthridine 

MS: calc: h^jz (31 0.40): found: [M+l]: 31 1 .3 

6. cte-€,M)Imethoxy-6-(furan«3«yO-1^,3^^.10b-he)cahydrophenanthrMine 
MS: calc: H,, N O, (31 1 .38): found: [M+1]: 31 2.3 HPLC [min]: 5.44 

7. cis-8^-DInfiethaacy-6-(thlophen-2wvD-i ^3 A4a.1 Ob-haxahvdrophenanthridlne 
MS: catc: Ci» H21 N O2 S (327.45): found: [M+l]: 328.3 HPLC [mfn]: 5.73 

8. cis-8,9-Diniethoxy-6-<5-fnetlwl-thlophen-g-Jv0»1A3.4^.10b4iexahydix>phenanthiM 

MS: calc C20 H2, N O2 S (341 .48): found: [M+1]: 342.3 

9' cls-8.9-Dlmethoxy"6-(thtophen-^)-1 .2^ A4a.1 Ob-hexahvdrophenanthridlne 

MS: calK 0,0 Ha, N O2 S (327.45): found: [M+l]: 328.3 HPLC [min]: 5.73 

10. cis-8.9-Dimethoxy-6-( 1 H-ihdol-2-vM A3.4^1 Db-hexahvdrophenanthridlne trif iuoro- 
acatata 

MS: calc: C25 F, Na O4 (360.46): found: [M+1]: 361 .3 

11- cls-8.9-Dimethoxy-6'(ftfluoro-1 Wndol-2-yp-1 j> A44a.1 Ob4iM(ahvdrophenanthridine 
trifluorpaoBtate 

MS: calc: C^g H24 F4 M2 O4 (378.45): found: [M+1]: 379^ 

12. cls-8^4>lmBthoxy-6-<64neth<Mcy-1f#^hdol.2-^>tt-1A3.4.4a.10b4iexahydroph^ 
trifluproaoetate 

MS: cafe: C„ H^, F3 Nj O, (390.49): found: pw+l]: 391 .4 
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13. cis.<^lmathoxy^bergofarao-2-vn-1^^^^.10b-heicahvdrophena 

MS: cafe: Ha, N O3 (361 A4): found: [M-<-1]: 362.3 

cls>8^imsthoxv-6-(iiVfaztn-^-vlMA3A4a.10b4wxatwdropherwn^ 

MS: calc; C„ H21 N3 (323.40): found: [M+l]: 324.3 

IS- cte-8.9-Pim ethoxy-6-f quinolln-2-yl)-1 ^.3.4.4a.1 Ob-haxah vdrophgnanthridlne 
MS: calc: C» Na (372.47): found: IM+1]: 373.3 HPLC [mfn]; 6.32 
IB- cts»e.94)lnwthoxy-6-(3-methvl-furan-2-yl)-1 A3 A4a,1 Ob-tiBxahydrophenanttiridine 
MS: calc: Cao Hjs N O3 (326.41 ); found: [M+iJ: 326.3 

■•7. cl8.8.94)im ethoxy>6-(benzo[b}thtophen-2.vl)-1 .2^.4a.1 Ob-hexahydrophenanthridine 
MS: calc C23 H23 N Q, S (377,51 ): found: [M+l]: 378.3 

18* cl«-€.9-Dlmathoxv-6-(3.S<linfiettiyl-l8Oxazol-4-yJ)^A3.4^.10b4i€acahvdi^ 
phenanthridine 

MS: calc: C,, Ha« N2 (340.43): found: [M+l]: 341 .3 

18- cis-8.9-Pimethoxy-^4-phenyt-riA31thladlazol-S^ri).1A3A4a.10b-hex«hvdro- . 
. phenanthridine 

MS: calc: H23 N3 O2 S (405.52): found: [M+1]: 406.0 

20. cls-8.94Plme thoxy-643-methvI4>enzofuran-2-vlV1^^A4a.10b-hexahydrop^^ 
MS: calc: pa, Hjb N O, (375.47): found: [M+i]: 376.3 HPLC [mlnj: 6.80 
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21. c1s-8.94)lrnethoaCT-^47-methoxy4iereofuran'2'Vl)-i;2^A4a.10b-hwcalw^ 
phenanthrfdine 

MS: calc: Cm Has N 04(391 .47): found: |M+1]: 392.3 HPLC [min]: 6.75 

22. cls-8.9-CiinttUioxy-^5^ngttivl-iivrazln-2-viv.1A3A4a.10b-hexahvdrDptienairt 

MS: calc: Pso Haa Na O2 (337.43): found: [M-t-1]: 338.3 

23. cl8-8,9-Dltnethoxy-6-(5-rnethoxv«benzofuran-jt'yD-1.2.3^/te,10b"haxahydro- 
phenanthrtdine 

MS: calc: Cj* Has N O4 (391 .47): found: [M+1]: 392.3 HPLC [mini: 6.75 

24. cf6-8.9-Diinethoxy-6-(1.5-dimettiyl-1W-pvrazot-a-Vl)-1A3.4^.10b-hexahvdfo- 
phenanthrldine 

MS: calc: C^, H^b N, (339.44): found: [M+1): 340.4 

25. cla-8.9-DImathoxy-6-(4-mathvl-nJZ.31thladiazol.S-vn-13^A4a.10b-hexahvdro- 
phenanthrldine 

MS: calc: C^, Hj^ N, O, S (343.45): found: [M+1]: 344.1 

26. cte-B.9-Pimttthoxy-^l8Oxazol^S^rt)-1A3A4a.10b-hmcahvdrophenanthridlne 

MS: calK C« H20 Na Oa (312.37): found: [M+1]: 313.3 

27. cis-8^imethoxv-6-risoquinolin-1 -yIM .2.3.4^.10b-b wcahydfophenanthridtne 

MS: calc: Ca* H^^ Nj (372.47): found: [M+1]: 373.4 HPLC [min]: 5.92 
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Starting compounds 

A1. ^)^c^s4^^2■(3.4^Din^^ethoxyphenv^)cyclohexy^■qulnollne-4H^ 

4.0 g of (-}-cis-1,2-d]methoxy-4-(2-amino(^ciohe)^}b^ (compound B2) are dissolved in 50 ml of 
dldilorom^ane and 10 ml of triethylamlne. A solution of 3.9 g of 4-quInoIIn6 carbonyl chloride In 50 mi 
of diohloromethane Is added drc^wlse at RT, and the mixture Is extracted after sHning overnight with 
100 ml each of water. 2N hydrochloric add, satd. sodium hydrogencart>onate solution and water again. 
The organic phase is dried using sodium sulfate and concentrated and the residue is crystallized from 
ethyl acefate/petroieum ettier. 
M.p.: 149-1 52^*0 

Specific rotation: [a]^ - -29.5'' (c = 0.2 ethanol) 

B1. (■■■/■)HSls-1.2-Dlmethoxy-4-f2-aminocycloh«g^)benzene 

125 g of (+/-)-cls-1,2-dimethoxy-4-(2-n]trocyciohexyl)benzene and 120 g of zinc powder or granules are 
suspended In 1300 ml of ethanoL 220 ml of acetic acid are added dropwise at boiling heat. The pre- 
cipitate is filtered off with suction and washed with ethanoi, and the filtrate Is concentrated under re- 
duced pressure. The residue Is taken up in hydrochloric acid and extracted with toluene. The aqueous 
phase Is rendered alkaline using 50% strength sodium hydroxide solution, the precfpitate Is filtered off 
with suction and the IDtrate is extracted ViAfh toluene. The organic phase is dried using sodium sulfate 
and concentrated. 98 g of the title compound are obtained as a crystallizing ofl. 

AKemaflvely; 

8.5 g of (t/-)-ci8-1,2Kllmethoxy-4-(2-^itrocydohe3vl)benzOTe are dissolved In 400 ml of methanol and 
treated at RT with 7 ml of hydrazine hydrate and 2.5 g of Raney nickel In portions In tiie course of 8 h. 
After stirring overnight at RT, the reaction mixture Is filtered, the filtrate is concentrated and the residue 
te diromatographed on silica gel using a mixture of toluene/ethyl acetate/trlethylamlne = 4/2/0.5. The 
title compound Is obtained as an oO. 
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B2. H-cls-1 .2-J}innethoxy-4^2-aminocyclohexvi)benzenG 

12.0 g of (+/-Hd8-1,2-d]m6tho;v-4-(2-amlnocydoh^ and 6.2 g of (-)-mandellG add are dis- 

solved in 420 ml of dioxane and 60 ml of tetrahydroftiran and the solution Is sUnred overnight at RT. The 
solid is filtered off with suctionp dried, treated with 100 ml of saturated sodium hydrogencarbonate solu- 
tion and extracted with ettiyl acetate. The organic phase is dried using sodium sulfate and concmtrated 
under reduced pressure. 4.8 g of the title compound are obtained of m.p.: 80-81 .5*C. 
Specific rotation: [a] ^° = -58.5"C {c = 1, ethanol). 

C1. (4>/-)-cls-1^-Dimethoxy-4-f2-nitrocycloh«C'4-enyl)benaeene 

10,0 g of (+/->trans-1^-dimethoxy-4K2-nltrocyclohex-4-enyt)benzene and 20.0 g of potassium hydrox- 
ide are dlssoh^ed in 1 50 mi of ethanol and 35 ml of dlmetiiyiformamide. A solution of 17.5 ml of cone, 
sulfuric add in 60 ml of ethanoi is ften added dropwrse such that the Internal temperature does not 
exceed A^'C. After stirring for 1 h, the mixture is added to 11 of ice water, the precipitate Is filtered off 
with suction, washed with water and dried, and the crude product is recrystallized from ethanol. 8.6 g of 
the title compound of m. p. 82.5-84''C are obtained. 

C2. W-)-cfs-1,2-Dfmethoxy-4-{2-nftrocyclohexy»benzene 

8.4 g of (*i-/-}-cis-1,2-dimethoxy-4K2Hiltro<^dohex-4^yi)benzene are dissolved In 450 ml of methanol, 
bleated with 2 ml of oonc hydrocNoric add and hydrogenated alter addition of 500 mg of 10% strength 
Pd/C. The reaction mbdure is IBtersd and the flttrate Is concentrated. M«p.: 84-86.5'*C. 

D1, (-i-M-trans-l .2-Dlmethoxy>442"nltrocyclohex-4-enynbenzene 

,50.0 g of 3,4-dimetiioxyH&-nltrostyrene and 1.0 g (9.1 mmol) of hydroquaione are suspended bfv200 ml 
\ of ibs: toluene and treated at -70**C with 55.0 g (1 .02 mol) of liquid 1 ,3-butadiene. TTie mixture Is stirred 
at t60*C for 6 days in an autodave and then cooled. Some of the solvent is removed on a rotary 
evaporator, and the resulting precipitate Is filtered off witti suction and reciystairized bi ethanol. M.p.: 
1 13.5-1 15,5**C. 

El. 3,4-DlmcthoxvHP-nltrostvrene 

207.0 g of 3,4-dimethoxybenzaldehyde. 100.0 g of ammonium acetate and 125 mi of nitromethane are 
heated to t)oiling for 3-4 h in 1.0 1 of glacial acetic add. After cooling in an ice bath, the precipitate is 
filtered off with suction* rinsed wfth glacial acetic add and petroleum ether and dried. M-p.: 140-141 "^C. 
Yield: 179.0 g. 
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Commercial appHcabHitv 

The Gompounds according to ttie invention have valuable phannacologlcal properties whfdi make them 
commercially utillzable. As selective cyclic nudeotlde piiosptiodiesterase (PDE) Inhlbltore (namely of 
type 4), they are suitable on the one hand as bronchial therapeutics (for the treatment of airway ob- 
structions on account of their dilating but also on account of their respiratory rate- or respiratory drive- 
increasing action) and for the elimination of erectile dysfunction on account of the vasodilating action, 
but on the other hand especially for the treatment of disorders, In particular of inflammatory nature, e.g. 
of the always (asthma prophylaxis), of the skin, of the central nervous system, of the intestine, of the 
eyes and of the joints, which are mediated by mediators such as histamine, PAF (platelet-activating 
factor), arachidonic acid derivatives such as leukotrlenes and prostaglandins, cytokines, interleuklns, 
chemoklnes, alpha-, beta- and gamma-interferon, tumor necrosis factor (TNF) or oxygen radicals and 
proteases. The compounds according to the Invention are distinguished here by low toxicity, good en- 
teral absorption (high bioavailability), a large therapeutic breadth and the absence of significant side- 
effects. 

account of their PDE-InhlblUng properties, Ihe compounds according to the Invention can be em- 
ployed in human and veterinary medldne and therapeutics, where they can be used, for example, for 
the treatment and prophylaxis of the following Illnesses: acute and chronic (in parliojlar inflammatory 
and aOergai-induced) afrway disorders of varicHJS origins (bronchitis, allergic bronchftls. bronchial 
asthma, enr?>hysema, COPD); demnatoses (especially of prollferaflve, Inflammatory and allergic type) 
such as, for example, psoriasis (vulgaris), toxk; and allergks contact eczema, atopic eczema, seborrtieto 
eczema, lichen simplex, sunburn, pruritus In the anogenltal area, alopecia areata, hypertrophk; scars, 
discoid lupus erythematosus, follicular and wide-area pyodermias, endogenous and exogenous acne, 
acne n>8acea and other proliferative, inflammatory and allergic skin disorders; disorders which are 
based on an excessive release of TNF and leukotrlenes, e.g. disorders of the arthritis type (rheumatoid 
arthritis, rheumatoid spondylitis, osteoarthritis and other arthritic conditions), disonders of the fenmune 
system' (AIDS, multiple sclerosis), graft-versus-host reactions, transplant rejection reactions, symptoms 
of shock [septic shock, endotoxin shock, gram-negative sepsis, toxic shock syndrome and ARDS (adult 
respiratory distress syndrome)], and generalized Inflammations In the gastrointestinal area (Crohn's 
disease and ulcerafive colitis); disorders which are based on allergic and/or chronic, faulty immunologi- 
cal reactions In Oie area of the upper ainvays (pharynx, nose) and the adjacent regions (paranasal si- 
nuses, eyes), such as, for example, allergfc rhlnlfls/slnusltls, chronto riilnltis/slnusftls, allergic conjuncti- 
vitis and nasal polyps; but also disorders of the heart vMdh can be treated by PDE Inhibitors, such as. 
for example, cardiac tosufRclency, or disorders whteh can be treated on account of the tissue-relaxant 
action of the PDE Inhibitors, sucdi as, for example, erectile dysfunction or colics of the kidneys and the 
ureters In connection wth kidney stones* In addition, tPie compounds according to the Invention can be 
employed for the treatment of diabetes Insipidus and disorders In connection v^rtth disturbances of brain 
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metabolism, such as, for example, cerebral senility, senile dementia (Alzheimer's dementta), multfln- 
farct dementia or altemafively disorders of the CNS, sudi as, for example, depressions or arterioscle- 
rotic dementia. 

The invention further relates to the compounds according to the invention for use In the treatment erf 
mammals, Including man, which are suffering from one of the ahovementioned illnesses. The process 
comprises administering to the sick mammal a therapeutically efficacious and phamiacologicaily toler- 
able arnount of one or more of the compounds according to the invention. 

The invention further relates to the compounds according to the Invention for use In the treatment 
and/or prophylaxis of illnesses, In particular the illnesses mentioned. 

The Invention lilcewise relates to the use of the compounds according to the invention for ttie production 
of medlcammts which are employed for the treatment arKl/or prophyla3ds of the Illnesses mentioned. 

Medicaments for the treatment and/or prophylaxis of the illnesses mentioned, which contain one or 
more of the compounds according to the invention, are furthermore a subject of the invention. ... 

A further subject of the Invention Is a commerdal product, consisting of a customary secondary padc, a 
primary pacic containing the medicament (for example an ampoule or a blister pack) and. if dedred. a 
pack insert, the medicament exhibiting antagonistic action against cydic nucleotide phosphodiester- 
ases of type 4 (PDE4) and leading to the attenuatton of the symptoms of illnesses which are connected 
with cyclic nucleotide phosphodiesterases of type 4, and the suitability of the medicament fbr tiie pro- 
phylaxis or treatment of illnesses which are connected with cyclic nucleotide phosphodiesterases of 
type 4 being indicated on the secondary pack and/or on the pack insert of the commercial product, and 
the medicament containing one or more compounds of the formula I according to tiie invention. The 
secondary pack, the primary pack containing the medicament and the pack insert otherwise comply 
with what would be regarded as standard to the person skilled In the art for medicaments of Uiis type. 

The medtoamerits are prepared by processes which are known per se and familiar to the person skilled 
in the art As medicaments, the compounds according to the invention (= active compounds) are either 
employed as such, or preferably In combination with suitable pharmaceutteal exclpients, e.g. In the torn 
of tablets, coated tablets, capsules, suppositories, patches, emulstons, suspenstons, gels or solutions, 
ttie active compound content advantageously being between 0.1 and 95%. 

The person sMIIed in the art Is familiar on the basis of his/her expert knowledge with the exdpients 
whteh are suitable for the desired pharmaceutical formulations. In addition to sohrents, get-forming 
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agents, ointment bases and other active compound vehicles, It Is possible to use» for example, antioxi- 
dants, dispersants, emulsffiers, preservatives, sdubllizers or permeation promoters. 

For the treatment of disorders of the respiratory tract, the compounds according to the Invention are 
preferably also administered by inhalation in the fonm of an aerosol; the aerosol particles of solid, liquid 
or mixed composition preferably having a diameter of 0.5 to 10 pm, advantagously of 2 to 6 pm, * 

Aerosol generation can be earned out, for example, by pressure-driven Jet atomrzere or ultrasonic at- 
omizers, but advantageously by propellant-drlven metered aerosols or propellant-free administration of 
micronlzed active compounds from inhalation capsules. 

Depending on the Inhaler system used, in addition to the active compounds the administration forms 
additionally contain ttie required exclplents, such as, for example, propellents (e.g. FrIgen In the case of 
metered aerosols), surface-active substances, emulslflers. stabilizers, preservatives, flavorings, fillers 
(e.g. lactose in the case of powder Inhalers) or. If appropriate, lurlher active compounds. 

For the purposes of Inhalation, a large number of apparatuses are available with which aerosols of 
optimum parttde size can be generated and administered, using an inh^ation technique vriiich Is as 
rteht as posdble for the patlenL In addition to the use of adaptors (spacers, expanders) and pear- 
shaped containers (e.g. NetHJiator®, Vcdumatio®}, and automatic de^rtces emitting a puffer spray 
(Autohaler®), for metered aerosols, In particular in the case of powder inhaters, a number of technical 
solutions are available {e.g. DIskhaler®. Rotadlsic®, Turbohaler® or tiie Inhaler described In European 
Patent Application EP 0 505 321), using which an opflmal adminlstrafion of acHve compound can be 
achieved* 

For the treatment of dermatoses, the compounds according to the invention are In partlcuiar used In the 
form of those medicaments which are suitable for topical application. For flie production of the medica- 
ments; the compounds according to flie Invention (= acHve corripounds) are prefierat>Iy mixed wflh suit- 
able pharmaceutical exciplents and further processed to give suitable pharmaceutical formulations. 
Suitable phannaceutical formulations v^rtiich may be menHoned are, tor example, powders, emulsions, 
suspensions, sprays, oils, ointments, fatty ointments, creams, pastes, gels or solutions. 

The medicaments according to the invention are prepared by processes iviown per se; Dosage of the 
active compounds takes place in the order of magnitude customary for PDE inhibitors. Thus topical 
application forms (such as, for example, ointments) for the treatment of demnatoses contain the active 
compounds in a concentration of, for example, 0.1-99%. The dose for administration by inhalation Is 
customarily bebween 0.1 and 3 mg per day. The customary dose In the case of systemic therapy (p.o. 
or i.v.) is between 0.03 and 3 mg per kilogram per day. 
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Biological Investigations 

The second messenger cyclic AMP {cAMP) is well-known for Inhibiting Inflammatory and Immunocom- 
petent cells. The PDE4 isoenzyme is broadly expressed in cells involved in the Initiation and propaga- 
tion of Inflammatory diseases (H Tenor and C Schudt, In ^Phosphodiesterase Inhibitors", 21-40, „The 
Handbook of Immunophanmaoolog/', Academic Press, 1996), and Its inhibition leads to an increase of 
the Intracellular cAMP concentration and thus to the inhibition of cellular activation (JE Souness et a1., 
Invnunopharmacology 47: 127-162, 2000). 

The antiinflammatory potential of PDE4 inhibitors in wo in various animal models has been described 
(MM Tebceira, TIPS 18: 164-170, 1997). For the Investfgaflon of PDE4 inhibition on the cellular level (in 
vitro), a large variety of proinflammatory responses can be measured. Examples are the superoxide 
production of neutrophllk; (C Schudt et al., Arch Phanmacol 344: 682-690, 1991) or eo^noi^itic (A 
Hatzdmsmn et al., Brit J Phamnacol 114: 821-831, 1995} granulocytes, which can be measured as iu- 
mind-enhanced chemllumlnescence, or the synthesis of tumor necro^ fector-a in monocytes, macro- 
phages or dendritic cells (Gantner et al., Brit J Phanmacol 121: 221-231, 1997, and Pulmonary Phar- 
macol ITienap 12: 377-386, 1999). In addifion, the immunomodulatory potential of PDE4 Inhbitors Is 
evident from the inhlbRlon of T-oell responses like cytokine synthesis or prcritferatkin (DM Essayan, 
Btochem Pharmacol 57: 965-973, 1999). Substan<»s which inhibit ttie secretion of the afbre-menttoned 
proinflammatory mediators are those which inhibit PDE4. PDE4 inhibmon by the compounds according 
to the invention is thus a central indicator for the suppresston of Inflammatory processes. 

Method for measuring inhibition of PDE4 activity 

PDE4 activity was determined as descrit>ed by Thompson et aL (Adv Cycl Nud Res 10: 69-92, 1979) 
with some modifications (Bauer and Schwabe, Naunyn-Schmiedeberg's Arch Phanmacol 311: 193-198, 
; 19BP). At a final assay volume of 200 pi (96wbII nrncrofiter plates) the assay mixture oontalned.26 mM 
rrls (pH 7,4), 5 mM IWgCt, 0.5 pM cfiMP, pH]cAMP (about 30,000 cpm/assay), the test compound and 
an aliquot of cytosd from human neutrophils whteh mainly a>ntalns PDE4 acth% as described by 
Schudt et al. (Naunyn-Schmledeberg's Arch Phamnaool 344: 682-690, 1991); the PDE3^pedflc inhibi- 
tor Motapizone (1 pM) was included to suppress PDE3 actiVHy originatbng from contaminating platelets. 
Serial dilutions of the compounds were prepared In DMSO and further diluted 1:100 (vA^) In tiie assays 
to obtain the desired final concentrations of me inhibitors at a DMSO concentration of 1 % (v/v) which by 
Itself only sli^tiy affected PDE4 activity. 

After preincubation for 5 min at 37^0, tiie reaction was started by the addition of substrate (cAMP) and 
the assays were incubated for further 15 min at ST'C. 50 pi of 0.2 N HCI was added to stop the reaction 
and the assays were left on ice for about 10 min. Following Incubation with 25 pg 5'-nucleotidase (Cro- 
talus atrox snake venom) for 10 min at 37''C, tiie assays were loaded on QAE Sephadex A-25 (1 ml bed 
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volume). The TOlumns were eluted with 2 ml of 30 mM ammonium fbnmiate (pH 6.0) and the eluate was 
counted for radioactivity. Resulte were corrected for blank values (measured In the presence of dena- 
tured protein) whl(rf) were below 5 % of total radioactivity. The amount of cyclic nucleotides hydrolyzed 
did not exceed 30 % of the original substrate concentration. The ICgo -values for the compounds ac- 
cordong to the invention for the inhibition of ttie PDE4 activity were detemiined from ttie concentration- 
inhibition ounces by nonlinear-regression. 

The inhibitory values determined for the compounds according to the invention follow from the foflowlng 
table A, in whidh the numbers of the compounds con-espond to the numbers of the examples. 

Table A 

Inhibition of PDE4 adthfity [measured as HooICsq (moVI)] 



Compound '. 


•^oolCso 

■• I- .r??!.-,. .,».'>:..t 


1 


7.4 


7 


8.14 


8 


8.19 


9 


7.45 


10 


8.19 


11 


8.14 


12 


8.27 


15 


7.68 




7,42 


17 


6.84 


20 


8.53 


21 


8.51 


23 


8.33 
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Patent claims 

1 , Compounds of the formula I » 




Het 

in which 

R1 te hydroxyl, 1-4C-alkoxy, 3-7C-cycloaiko^, 3-7C-cycloalkylniethoxy or completely or predomi- 
nantly fluorine-substituted i-AC^koxy, 

R2 is hydroxyl, 1-4C-alkoxy, 3-7C-cyclodkQ)V, 3-7C-<ydoalkylmetho)cy or cxmnpleteiy or predomi- 
nantly fluorine-substituted 1*^Oalko3^, 

or In which 

R1 and R2 together are a 1-2C-alkylenedloxy group, 
R3 Is hydrogen or 1-4C-alkyl. 
R31 is hydrogen or I^C-all^l, 
or In which 

R3 and R31 together are a 1-40alkylene group. 
R4 Is hydrogen or 1-40alkyl, 
R5 Is hydrogen, 
R51 liydrogen, 
orjn which 

R5 and R51 together represent an additional bond, 

Het Is an unsubstltuted or R6- and/or R7*substituted pynrolyl, furanyl. thtophenyl, pyrazdyl, imi- 
dazole, oxazdyl, isoxazdyl. thiazolyl, isothiazoiyi, thiadiazolyl, pyrimMinyl. pyrazlrtyi or pydd- 
azlnyl radical, or en unsubstRuted or R6- and/or R7-substltuted fused bi- or tricyclic ring system 
ramprising at least one aromatic ring and up to 4 heteroatoms - selected from the group con- 
sisting of O (oxygen), S (sulphur) or N (nitrogen) - whteh Is bonded b> the phenantiiridlnyl radi- 
cal via one of the rings comprising one or more heteroatoms, where 

R6 hydroxyl. halogen, nifro, cyaho, amino, aminocarbonyl, mono- or dH-4Cnaikylamlno, mono- 
or dj-1-4C-aikyiaminocarbonyl, 1-4C-^lkyl, trifluromethyl, 1-4C-alkoxy, 1-4C-aikoxycarbonyl, 
1-4C-alkylcarbonyioxy, 1-4C-alkyicarbonyl, 1-4C-alkoxycarbonytamino, phenyl or completely or 
predominantly fluorine-substituted 1'4C-aikoxy, and 
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R7 fs hydroxyl. halogen, nitro, 1-4C-all^[ or 1-4C-alkoxy, 

and the salts, the N-oxIdes and ttie salts of the N-oxides of these compounds. 

2. Compounds of the fomnula I as dafmed In daim 1 . in which 

R1 ts 1-2C-alkoxy, 3-5C-cydoalkoxy. 3-5C-(^doalk^methoxy or completely or predominantly fluo- 
rine-substitufed 1-2C-alko}^, 

R2 Is 1-2C-alkoxy, 3-5C-cydoa[koxy, 3^5C-(^doa)kylmeflioxy or completely or predominantly fluo- 
rine-substituted 1-2C-alkoxy, 

R3 Is hydrogen, 

R31 is hydrogen, 

R4 is hydrogen or 1 -2C-alkyl, 

R5 Is hydrogen, 

R51 is hydrogen, 

or In which 

R5 and R51 together represent an additional bond, 

Het Is an unsubstituted or R6- and/or RZ-substituted radiral selected from the group consisting of 
benzoairan-2-yK benzofuixm-S-yl, 2,3-dlhydrobenzofuran^2-y], 2,3-dihydrobenzofijran-3-yl. 
benzothiQphen-2-yl, benzothtophen-3-yI. 2,3-dihydrobenzothk>phen-2-yl, 2,3-dihydrobenzo- 
thlophen-3-yl, chroman-2-yl. chroman-3-yl, chroman-4-yK isochroman-1-yl, 1,447enzodk>xan-2- 
yl. 1,3-benzodloxol-2-yl, quholln-2-yl, qufrioll^4-yl, qulnolin-3-yl, lsoquIndln-3-yl, lsoqulnolln-1- 
yl, lsoquinol[n-4-yK 1.2,3,4-tetrahydroacrfdln-9-yl, aci1din-9-yl, lndollzIn-2-yl, inddlzai-3-yl. In- 
ddizin-S-yl, InddWn-e-yl, tndot(zh-7-yl, Indolizh-S-yl, phenanthrid(n-6-ji, dnnolln^yl, dnndin- 
4-yl, quInazonn-4^1. quhoxalln.2-irt, phthalazIn-1-yl. 1,7-naphthyridln^yl, 1,6-naphthyridln-3- 
yl, 1.6-nE«3hthyridln-4-yl, 1,6-naphthyridin-&-yl, 1,5-naphthyf1din-2-yt, 1,5-naphthyridln-3.yl, 1,5- 
naphthyridln-4-yt. 1.5-naphthyridfn-6-yl, 1,5maphthyrW[n-7-yl, 1 ,5-naphthyrklin-8-yi, hdoW-yl, 
indol-2-yl, fndazd-3-yl. benzlmldazol-2-yl, 2,3-dlhydro-1H-!ndoI-2-yi; 2,3-dIhydro-1H-lndd-3-yl, 
2,3-d}hydro-1 H-lsoindol-1-yl, 2.3-dihydro-1 H-isolndol^-ylj 1 ,2,3,44etrahydroqulnolln-2-yl, 
H .2,3,4-tetrahydroqulnoluri-3-yl, 1 ^,3,4-tetrahydroquinolln-4-yl, 1 ,2,3,4-tetrahydroisoqulnolln-l - 
yl, 1,2,3,4-tetrahydroIsoquino[in-3-yl, 1^,3,4-tetrahydrolsoquinolin-4-yl, p-carbolln-1-yl, 
p-carfaolin-3-yl, p-carbolin-4-yl, furan-.2-yl, furan-3-yl, thfophen-2-yi, thIophen-3-yl. 1 Hi3yn-oi-2- 
yl. 1H-pyrrol-3-y|, pyr^ol-3-yl. pyrazol-4-yl. imldazol-2-yl. imIdazol-4-yl, imfdazol-5-yl, oxazol-2- 
yl. oxazol-4-yl, oxazoI-S-yl, ttiiazol-2-yl; thfeizol-4-yi, thiazol-5-yl, isoxazol-3-yl, isoxazol-4-yJ. 
isoxazol-5-yl. isothiazol-*-yl. lsothlazol-4-yl, feothlazol-6-yi, [1 ^.3Jthladiazol-4-yl, 
[1,2,3]thiadiazol-^-y], pyrimidin-4-yl, pyrimldin-5-yl, pyrlmidrn-2-yl, pyridazjn-4-yI, pyridazln-3-yl 
and pyrazin-2-yl, where 

R6 Is hytiroKVl, hatogen, nftro, amino, amhocarbonyl, 1-4C-alkyl. 1-4C-aikoxy, 1-4C- 
alkylcarbonyloxy, 1-4C-alkoxycarbonyl or completely or predominantly flucrlne-siAstltuted 
1-2C-alkoxy,and 
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R7 is hydn»^, halogen, 1-4C-aIkyl or 1-4C-alkoxy, 

and the salts, the N-oxfdes and the salts of the N-oxMes of these compounds^ 

3. Compounds of tfie fonmida i as claimed in claim 1 In whidi 
R1 is 1-2C-alkoxy, 

R2 is1-2C-alkoxy, 

R3, R31, R4, R5 and R51 are hydrogen, 

Het is an unsubstftuted or R6- and/or Rr-substituted radical selected from the group consisting of 
ben20fliran-2-yt, benzothiophen-2-yl, quinolln-2-yl, quinolln-4-yl, lsoquinolin-1-yl, indot-2-yl, fu- 
ran-2-yl, furan-3-yl, thlophen-2-yl, thk)phen-3-yi, 1H-pyrrol-2-yl, pyra2M)l-'3-yl, th(azol-2-yl, thh 
azol-3-yl, isoxazol-^-yl, Isoxazol-5-yl, [1 ,2,3]thladiazol-5-y) and pyrazin^2^yl, where 

R6 Is halogen, 1-4C-alkyL 1-4C-alkoxy or phenyl, and 

R7 ls1-4C^lkyJ, 

and the salts, the N-oxIdes and the salts of the N-oxides of these compounds, 

4. Compounds of the fbmiula ! as claimed in claim 1 En which 
R1 Is methoxy, 

R2 is metho}^, 

R3, R31 , R4, R5 and R51 are hydrogm, and 

Het is quInoHn^yl, quinolln-2-yl, 3H7iethyl-furan-2-yl, 3-methyH»nzofuran-2-yl, 7-methoxy- 
benzofiJran-2-yl. SHTiethoxy4>enzofLiran-2-yl. thiophen-2-y], 5-methyl4hIophen-2-yi, thkiphen-3- 
yi. 1 H-lndol-2-yl, 5^uoro-1 H-lndol-2^i, 6-methojy-1 H-lndol-2-yl, 

and the salts, ttie N-oxldes and the salts of the N^xldes of these compounds. 

5. Compounds of the fonmula I as daimed In claim 1 In which 

R1 Is hydroxy], 1-4C-aIkoxy, 3-7C-cycloaikoxy, 3-7C-cydoaiiQrlmethoxy or completely or predomi- 
nantly fluorine-substituted 1 -4C-alkoxy, / 

R2. Is hydroxy], 1-4C-alkoxy, 3'7C^doalkoxy, 3-7C-cycioaltqrlmethoxy or completely or predomi- 
nantly fluorine-substituted 1'4C-alko)q^, 

or In which 

R1 and R2 together are a 1-2C-alkylenedk>xy group, 
R3 Is hydrogen or 1*4C-a!kyl, 
R31 is hydrogen or 1-4C-alkyi, 
or In whJdi 

R3 and R31 together are a 1 -AC^kytone group. 
R4 is hydrogen or 1-4&-alkyl, 
R5 is hydrogen, 
R51 Is hydrogen. 
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or In which 

R5 and R51 together represent an additional bond, 

Het is an unsubsUtuted or R6- and/or R7H5ut>stitiited pyrimidlnyl, pyrazlnyl or pyridazjnyl radical, or 
an unsubstltuted or R6- and/or R7-substitLrted fused b{- or tricyclic ring system comprising at 
least one aromatic ring and up to 4 lieteroatoms - selected from the group conslsfing of O 
(oxygen) or N (nitrogen) - which is bonded to ttie phenanthridlnyl radical via one of the rings 
comprising one or more heteroatoms, where 

R6 Is hydroxyl, halogen, nltro, cyano, amino, aminocarbonyl, mono- or di-1-4C-a[kyiamino, mono- 
or di-1-4C-aIkylamlnocarbonyl, 1-4C-alkyJ, trifluromethyl, 1-4C-alkoxy, 1-4C-alkoxycarit>onyl, 
1-4C-alkylcarbonyloxy, 1-4C-alkylcarbonyl, 1-4C-alkoxycarbonylamino or completely or pre- 
dominantly fluorine-substituted 1^C-alkoxy, and 

R7 Is hydroxy!, halogen, nitro, 1-4C-alkyl or 1-4C-a!koxy. 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

6. Compounds of the fomnula i as daimed En dabnri 1 1n whidi 

R1 Is 1-2C-alkoxy, 3-5C-cycloaikoxy, S-SC-cydoallqrtmetho)^ or completely or predominantly Huo- 

rine-substituted 1-2C-alko)^, 
R2 Is 1-2C^Ikoxy, S-SOc^doalkoxy, 3-5C-cydoallqflmethoxy or completely or predominantly fluo- 

rbie-substlbJted 1-2C-atko}^, 
R3 is hydrogen, 
R31 is hydrogen, 
R4 is hydrogen or 1-2C>alkyl, 
R5 is hydrogen, 
R51 is hydrogen, 
or In which 

R5 and R51 together represent an additional bond, 

Het is an unsubstltuted or R6- and/or R7-substituted radical selected from the group consisting of 
benzofuran-2-yi, benzofuran-3-yI, 2,3-dlhydrobenzofuran-2-yl. 2,3-dihydrobenzofuran-3-yl. 
chroman-2-yl, chroman-3-y|, chroman-4-yl, isodiroman-1-yl, 1,44)enzodioxan-2-yl, 1,3-benzO" 
dloxol-2>yl, quinolln-2-yl, quinolin-4-yl, qulnolin-3-yt, isoquinoIin-3-yl, isoquinolin-l-yl, isoquln- 
olln-4-yU 1,2,3,4-tetrahydroacridin-9-yl, acridln-9-yl, lndoll2ln-2-yl, lndoti2in-3-yi, IndoHzln-S-yl, 
lndollzin-6-yl, indolkln-7-yl, lndolizln-8-yl, phenanthrldln-6-yl, dnnolln-^S-yl, clnnolin-4-yl, 
qulnazolffi-4-yl, qulnoxaHn-2-yl, phthaIazln-1-yi. 1,7-naphthyridin-3-yl. 1,6^naphthyridin^-yl, 
1,6-naphthyridin-4-yl, 1,6-naphthyridin-5-yl, 1 ,5-naphthyridin-2-yl, 1 ,5-naphthyridln-3-yi. 1.5- 
naphthyrid1n-4-yI. 1,5-naphfhyridln-6-yl, 1,5-naphthyridln-7-yl, 1.5-naphthyridln-8-yl, Indol^yl, 
lndd-2-yl, lndazol-3-yi, benamklazol-2-yI, 2,3-dtiydro.1H-indoI-2-yl, 2,3-dlhydro-1H-lndol-3-yl, 
2,3-dlhydro-1 H-lsolndol-1 -yi, 2,3-dlhydrD-1 H-isolndol-3-yI, 1 ,2,3,4-tetrahydroqulnolln-2-yl, 
1.2,3,4-tetrahydroqulnolln-3-yl, 1,2,3,44etrahydroqulnolin-4-yl. 1,2.3,4-tetrahydroisoqulndbv1- 
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yl, 1 .2,3,4-tetrahydroisoqu!no|]n-3-yl, 1 ,2,3.4-tetrahydrolsoqulnolIn-4-yl. p-carbdfn-l -yl, 

p-carbolin-3-yl. p-carbolurv4-yl, pyrimldln-4-yl. pyrIm[dIn-5-yl, pyrimlcnn-'2-yI, pyridazln-4-yl, 

pyridazin^yt and pyrazlnr2-yl where • 
R6 is hydroxy), halogen, nftro, amino, amlnocarbonyl, l-4C-alkyJ, 1-4&-alko^, 1-4C- 

alkylcarfoonyioxy, 1-4C-alkoxycarbonyl or comptetely or predominantty fluorine-substituted 

1-2&-alkoxy, and 
R7 Is hydroxyl, halogen, 1-40-alkyl or 1-4C-alko)cy, 
and the salts, the N-oxIdes and the salts of the N-oxtdes of these oompounds. 

7. A compound of the fomnula I as cfafmed in one of the claims 1, 2, 3, 4, 5 or 6. which has the 
same absolute configuration in positions 4a and 10b as the compound (-)-cls-l ,2-dimethoxy-4- 
(2-am!nocyc{ohexyi)benzene having the optical rotation [a]^ = -58.5" (c = 1, ethanol), which 

on its part can be employed as a starting material 

8. A compound of the formula I as claimed in daim 1 for use in the treatment of DInesses. 

9. A medteainent comprising at least one compound of the fonmula I as claimed in daim 1 to- 
gether with pharmaoeutlcal exc^ients and/or vehides. 

10. "me use of compounds of the fonnula I as darned in daim 1 for the pnxluction of medicaments 
fiDr treating alnray disorders. 
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